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Abstract: The idea of an overlapping rectangular region coding of binary images inspired the overlapping
rectangular non-symmetry, the anti-packing pattern representation model (RNAM), and the extended Gouraud
shading approach. A novel lossy gray image representation algorithm based on the overlapping RNAM, which is
called ORNAMC representation algorithm, is proposed. Also, the four principles for anti-packing the overlapping
homogenous blocks are presented in this paper. In the proposed ORNAMC representation algorithm, the wrong
decoding problem of the matrix R for the overlapping RNAM representation of gray images is solved separately by
using the horizontal, vertical, and isolated matrices, i.e., H, V and . These are used to identify the vertex types
instead of using a single hybrid matrix, i.e., R. In addition, by redefining the codeword set for the three vertices
symbols, this paper proposed a new coordinate data compression algorithm for coding the coordinates of all
non-zone elements in the three matrices H, V and I. By taking some idiomatic standard gray images in the field of
image processing as typical test objects, and by comparing the proposed ORNAMC representation algorithm with
the latest non-overlapping RNAMC, the experimental results show that the former has a higher compression ratio
and a fewer number of blocks and yet, maintains image quality. Therefore, a better method is to represent the gray
image.
Key words: image representation; rectangular non-symmetry and anti-packing pattern representation model
(RNAM); overlapping; gray image; extended Gouraud shading approach; SDCT; STC; coordinate
data compression; homogenous block
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Fig.2 A limitation of the RNAMC algorithm
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Fig.4 Asimple illustration of the ORNAMC method (£=20)
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Step 1. ZATHHIR/N A MxN [IREEE HIVILIERAZAT BT A Je & 34 0 0,008 2 AN JH 9 65 1% AT AL X R 00
] —A> BB 0 RFARAAT WK B R EAAAAEIEF TT R B M, WUERZAT AR T TR IR AR —
TICH TN — N HIEAT 1R FAERT ST 5 0 0 DARR RAEZE S0 38 1 0 2 AR <7 2 g e Ao oo A 1T 00 i 600 7 4R
WA 1.

Table 1 Codeword set for the three vertices symbols
R 13RI TR T4

TR "5 f5
e IS B 5 1 1
£iF 2 0

© PEFERBAFIFR  http:/ www. jos. org. cn



FIEF Fi—FETTEE RNAM 8RB R T Hik 3227

Step 2. A b MAFR B ARE AR ICHEIESIRIALE, B b B E =T 7 AT v
(@) MTAAERE—ATHEENME 1A IEETTE b=[logN].iX B b AN LA SR8 1 AAER TR L T ARAT
T i )47
(b) ATAEFE—ATEBIMER TH 1 ANEE TR MY HARIEZ 5T %K b=[logy(N-c)], H:H,c & HT— K& H]
HAEF TR AR ALE X B b AR R R R XA AR T 0T 00— k5 1) 4E 2 0 2 1 A0 bl
A&
Step 3. {EF—ATIERIG— AN AEF T E gL 58 G, — A RO SRR AR AT RIR I TR 0,75 W,
WARZAT MBS — N HER T E WA ETEAAT IR R, JB 28 A 2l 0" KR IR AAT R R TGN 0.
2.4 ORNAMCR R MmIBILE &

2.4.1 ORNAMC %R [ 4ihd 5 ik

Input:— & MxN 2K B EHR B G Flig =R it e

Output:— /M ta £ P fl—AM2A kR % Q.

Step 1. E X 3 MR/ MxN FIAR PRI SR Y IR FEAR 5 HL VR (53 9l 2o /KA PR B L T 7 PR
IR B B ), oK B A e 2 4 A A Ak O, 1) K (R S R i 1 B0 1 n TRAE R 0.

Step 2. MK BB G IM7: EAEE 1A PR, & 56 AR HE UMl R U 4 28 — AN R bm IR ) 2 B
I 46 A (X, y1) s SR 52 SCPIA I I AR TempH 1 TempV (7 54 A5 v, 3 IS B T SR A DK 1 AT B e
S BC D0, BE AN TRz 2 (A FH mode [F{E w5, H. mode [F{ELR 1 8K 2), FK 1% 9 AN 50 BE 1R T TG 2% 43 i p ds 4k
K9 0y JE ARIEAT R SE 3 M Ay FE 1Y) Gouraud 915232 (R ZE 25 VF 100 &) R i — AN TR AR B oK I [R) S B, I s
IR R AR AR B BB G RS TR, DB T — AN s (9 5 R (70 6 SR B A 4 e o, o Bl & A A
AN 0, B30 9 AR R 2 0 1k i i F SRk 4 AR BR AN T 3G T, 1 B R A RIS R4S 141 3).

R ORI IS A I — A58 22 8 B AR R 10 s JT 4, BLZE R 3 R Pl DL 4 Ak

HEN 1. #EBEFT AP eI R E S (M E R TempH St B A7 B AE A 1 FE 50), ) 48 2 08 21 11
TEAS K Y AR R, T4 AR Sy 2 P B (IR D 2 30— 0 23 4 78 25, X BLAR g S e U7 0 238 TempH s
A7 B B 0, TempV Hpo6f B A B RELE 1, #5940 H R shoof AR AR 22 A R R A O,V R B e o0 N AR bR 72 |
AE L RGN AE 2), XA IE AR R0 R 2 gk a4 gk, 4 ok 5 B Ja % 1k X 38 AR O 85 8 I 7K T B (RFE
TempH 6 B4y A 2).

HEN 2. #FEBPERT KPR HE DA ES S (HIER] TempH Hoat A BAE R 2 B, AR H RS2
H X, EFEY 7K B R 8 PUE & K.

HED 3. 5 F1 4 i) a8 3 e 1 1) T L R (RUE 2) TempV Hposf AL B 1 IS O0), 46 5 2 B8, R4k 8
7k, 5K 58 B R R X 3 O L S KB (R TempH mR6 A & R & 2).

HEN 4. 5 V38 B ATA] 2 B e, 00 b [ 288 WA O A 30 8 X /K ST B (B TempH Hhont R A7 B (2 1).

Step 3. 4 n MEIN 1,3 ubdn KA SR S 40 R 70 A AR KR (X, yn)~ Ao T FA I ARAR (X0,y2) A 22 4 S
T (0 25 1% 11.(91,2,03,0a), L 1 A< J3E A8 ) L AR A7 i3 s T K ool

Step 4. ARPHEALFR (X1, Y1) F (Xo,Y2) I DC R AL AN T 3 Fhfs (ks 4% 21 040 T8 T 20 2 5074t 31— N B
P

Case 1. x;<x, H. y1<y,

HGHTE A 2 50(01,92.95, 9) A i BIBEA R P A B P{N}<—{(01,02,03,94)}, H ARG HELBE H rpoxd AL B (14
TE U e B AR T A 4 il <1 F 2 AT BR IR (b, V SEREAY H Step 2 7K S B AR O 36 B P i i
KIRA).

Case 2. x3=Xp H. y12yo(x1#%, H. y1=y5)

R B S 50(90, 9a) A BT R P op, B P{n}—{(91,94)} JFHRFEFE H rpoof N7 F AR TR 1 B
2o EARA TR S o3 B <RI 2 AT AR TR (L RV AR BEAY T Step 2 HP KSR A D 2 1 Ml FE SR 3R AS).
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Case 3. x1=X, H. y1=y»

KA TR S 2 (g A7 il BB ZR P B P{n}e—{(9u)}, FRAFHRE 1 s I A7 72 ) 17 i J T K
1 AT FR IR

Step 5. fEFAHAT Step 2~Step 4, 1 BT Hi AL 4G AR 1L

Step 6. frHEIE K P.

Step 7. HEHE 2.3 T 4R R 0 A bR R A5 S He HVL L RIITURE AR RO 3 AN th BT AT E 5 0 25 1K AR B EAT
i, K g i 25 AT B — AN AR AR R Q .
2.4.2 ORNAMC FoR M fit g 51k

Input: —1F MxN B3 G R G — NS P Al—ANBERE Q(P I Q & ORNAMC 27k 4 it 5V 1
45 R).

Output: T 5 4 gest S T 42 5 I PSNR.

Step 1. Hg—A KA MxN [BIRBEEIR Gese 1T T8 3 AT S H468 R 8 B H B & n RAEA 0.

Step 2. MRIFAFEE Q3% HV, I FINTAK AT HH 3 AR/ A MxN [ H,V F 1A FE.

Step 3. MR H (O P H R 2B 1) B AL s,

Step 4. [FIRT44H H,V R 1 B 45 54 80 ) b D7 AT AR B (R AR 1, KR Py, I 2% ) 2R B ¥ S5 A8 I3k

WA A
Step 5. FR#EFESEH A R MY I Gouraud FISZVETHEZRIZEHUN AT gesr(X,Y), 3 Qest(X,Y) K7 1%
(7] I B AR AR (x,y) Ak PR A AR A

Step 6. M1 04 ML K5 2% () K e FF i i 45 TRUABL 45 46 B Qs

Step 7. n=n+1.7 n<s, 44T Step 4.

Step 8. it R AL KI5 Qest, HARME 201 22 20355 PSNR:

2
PSNR =10log,, 255" xM xN

Y S IG(x, y) - gs(X, V)P
x=0 y=0

0
25 ORNAMCRERREZHMERE S

W ORNAMC R R HIK T 5, it BT 7 B I IR 16 b &n, 2 rp n 2 K B MR IO 15 2 80, RN G P A5 &
PRI BN IRE ARG B R 2 oV it e=0 HIKFE BB AR5 3 B AAH R BT, S8 F) 30 1R O(logn). BRl itk 7 Je 8
LN it Sk A TR 24 RE 9 O(nlogn). NS BT 7 F0 s 1) b Zm ey 588 /b L BT o5 A e D) I L 2 RE B % i 15 2%
B DRk A SV B 1R S22 BE S O(n).

2% W) 52 % 55 D T I 17 JE s B O R L/ Bl B8 R A 4/ 38 6 5 22 T8 38 (0 40 , R 1 i g 150 92 1) 28 ) 52
ALK O(n).

3 KWLERRS

IR G IR R BCR a LAR 3 A S Hlk AT J3 o BT R S B i B0 H o RS 47 i DA SO S B PSNIR.AY 17 138 B
ORNAMC 75 J5 32 A5 2P AR 1 A SIZ 56 1) £ 13 4 L 5 22 i) STC,SDCTIMURI S50 42 H 1) RNAMCE i 3 il
FORTTIEIAT T R HE RN 32 LA O 2 ST ke DL A 4 T R FH 1 003 P 5 7R R/ 48 R A i 5 SCHR 2, 13]H /Y
AR TR HI 43591 24 512x512 K /MK Lena,F16,Barbara 1 Baboon iX 4 g 4 5 4% &l 5 7. 40,k 7 Sz 45 11
nJ L AR S P BT P 1R 3R 25 2RV R AR SR (1L, 131 (VAR 17D, RIAR T B Sz 4 45 R 35 /& 76 £=10,20,30 A1 40
I P3R4 1.
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&
Ies
4

.

(a) Lena (b) F16 (c) Barbara (d) Baboon

Fig.5 Four test images
K5 4l 4

MASCHR[L1, 13] 1 52 56 &5 5T 0070 O FF B 0 it RT3 1, 3t 45 19 K/ 512x512 1) Lena,F16,Barbara #il
Baboon iX 4 W 4 B BRI &, 24 i 22 A4 5 £=10,20,30 A1 40 I}, SDCT /= 5% RNAMC 278 S13: 4 5 45 Le
PR TTIMNE STC KRHF 40 FH445¢m T 63.08%7F1 82.91%.

) A0 TE S T 4 AR R 52 4% 5 0 T, AN SCHR [0 7T %0, SDCT 26 7% 550925 1) 44 e 53 I 1) 5 2% 3 2 A IR0 1), L2 v
F STC R IAREIL M IR B, A0 T STC 28 7 S0vk, SCRR (1113545 0 468 5 10 1 4 b 2 DUIG Ak 0920 1) 8 1 e I 42 2%
FEARM BT RNAMC Fil STC R 80325 141 52 7% P 2 A 7] 1), B0 G 2R L 350 43 (KT ol ) 52 2% B 43 331l - O(nllogn) F
O(n), HeHh,n 2 2K BE TR A5 2 45 1RI IR, SCHR [13] 74 5 56 45 T3 38 W4 AR+ R R M i 32 RNAMC RoR 5
IEAE RSB H 5 b STC RS T3k /D T 18.54%.

ME 2.5 75153 BT 1T %1, ORNAMC 27 B 4 fif 15 B 24 B 5 RNAMC S A7 R .45 08 4 R R R 22 2%
VF4£=10,20,30 I 40,3 2~% 5 451 T ORNAMC,RNAMC Hl STC i% 3 Flt % 7 5200k 1) S B &85 0L % Ho btk g EL 2%
Horp, Algorithms %R 8LVE ) 44 7%, Single_Avg %R 4 1 BIGO T- 84 el R0V B Fig b (1) B 40T 35 H, Average
T 4 WE EGRT T 8 4 PPN [ FL IRE BE 1001 R Fia A 11 5 1) P 3 41

2 A 4k45 1 T ORNAMC,RNAMC il STC R /R B I M2 S 0 H .36 3 HAk45 HE T ORNAMC,RNAMC
 STC RARFIEN PSNR,E 4 HARZ ' T ORNAMC,RNAMC fll STC RARFIEMIESLL,E 5 WA T
ORNAMC 1 RNAMC % B AR T STC 145 HL 4= & R 148

N 2~ 5 RHEFH H BE 140, ORNAMC,RNAMC 1 STC 2% 7% 5922 1 J5 45 Lt 1 52 488 b 34, 1 ] 2 e
R0 PSNR ¥ 2 R BRBEA T THEr 4 18EEUR, T — 0 0ok H 45 BRI AEA R R 22517 2 1 (6=10,20,30
F1 40),STC,RNAMC 1 ORNAMC [ [F] 2K (1) °F- 35 %5 53 1 4 18 262,14 876 Fl 12 385, 4% F X W (1) PSNR P 3J1E
4399k 32.6597,30.0408 1 30.0172.1A 1,75 ORNAMC Fl RNAMC [ 2 Pl % i LT 52 S AR [ S 00 R,
ORNAMC 1 RNAMC % HAHX T STC (1 J 4 L P34 =i 26 43 i A 93.94% %1 82.91%. 73 4h, R ORNAMC %
INELEAE PSNR J5 T H STC RoRE P TR T 8.09%,H 75 4 tb 38 s B T T I b STC R 80 P 14R &
T 93.94%; [F] i ,ORNAMC 7R L TE [F) R P i 30 H 7 iR b STC KR HEF 349> T 32.18%, it A # T
2 5 MG 7 1) 280 30 R A A B )

WEAb P AR F] PR 1R 22 25 VP 52, LU 24 6=20 B 56 T-45 5 1 4 1 81158, STC,RNAMC Fl ORNAMC [ [F] 241
SER %05y 0k 19 228,15 399 FiI 12 933,45 B 4 M. I F 4 LU - 3491E 3%l 24 4.406 0,7.871 0 Fl 8.545 0,45 B X M.
PSNR “F-34{H 437 4 33.524 7,30.846 8 Fl 30.740 2.Z4%,0RNAMC FI RNAMC 7 [FZE 4 B (P38 5b T
19.919% 11 32.74%) A1 1 4 b2 75 3R (CF 24 7 82.78% 11 95.16%) J5 THi /2 £t T STC (1), /R4 ORNAMC 1 RNAMC
1) PSNR Lt STC “F¥J NI T 8.31%F01 7.99% .38 # , W1 4 5 2 {5 1) PSNR & 31 30 ZiAs AR 0 B2 # A
JRUE PR 5 s TG 2 ) A 22 5 (0 B4R, 2 6=20 A X 3 Bl a2 s 9 % 1% PSNIR 24738 31 T 30 LA k.
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Table 2 Numbers of the homogeneous blocks of STC, RNAMC, and ORNAMC
% 2 STC,RNAMC Hl ORNAMC xR ZsH % H

Algorithms ¢ Lena F16 Barbara Baboon Single_Avg | Average
10 19 821 20 725 21741 55 814 29525
20 9428 12594 13101 41787 19 228
ste 30 5676 8637 8425 32931 13917 18 262
40 3740 6169 5758 25 843 10 378
10 17 370 15 559 18 530 50 502 25490
20 7 686 8016 11 621 34274 15 399
RNAMC 30 4693 5 356 8077 24732 10 715 14876
40 3269 3880 5670 18 782 7900
10 14 382 12 543 15 306 44 053 21571
20 6711 6 693 9501 28 830 12933
ORNAMC 30 4272 4425 6393 20132 8805 12 385
40 2 960 3165 4444 14 359 6232
Table 3 PSNRs of STC, RNAMC, and ORNAMC
%* 3 STC,RNAMC F1 ORNAMC 7/~ PSNR
Algorithms & Lena F16 Barbara Baboon | Single_Avg | Average
10 | 38.6344 | 39.6594 | 38.4591 | 42.9035 39.9141
20 | 33.1101 | 34.1491 | 32.3798 | 34.4598 33.524 7
ste 30 | 29.6316 | 31.0298 | 28.8542 | 30.2148 29.9326 326597
40 | 27.3475 | 28.3301 | 26.2004 | 27.1913 27.267 3
10 | 36.6970 | 36.7784 | 37.3954 | 38.687 3 37.3895
20 | 30.5179 | 30.8747 | 30.6879 | 31.3068 30.846 8
RNAKR 30 | 27.1041 | 27.3657 | 26.8477 | 27.2407 27.1396 300408
40 | 24.8079 | 24.6903 | 24.7302 | 24.9216 24.7875
10 | 36.5201 | 36.6823 | 37.3032 | 37.8998 37.101 3
20 | 30.4081 | 30.8649 | 30.7580 | 30.929 7 30.740 2
s 30 | 27.0217 | 27.4825 | 27.0819 | 27.899 6 27.3714 300172
40 | 24.7891 | 24.8632 | 24.9830 | 24.7884 24.855 9

Table 4 Comparison of the compression ratios among STC, RNAMC, and ORNAMC
% 4 STC,RNAMC il ORNAMC &7 (¥ s 4 Pk Rk 1 L A

Algorithms £ Lena F16 Barbara Baboon | Single_Avg | Average
10 31119 2.976 2 2.8371 1.1051 2.507 6
20 6.542 3 4.8977 4,708 1 14761 4.406 0

ste 30 10.267 0 7.1415 7.3212 1.8730 6.650 7 58655
40 16.4924 | 9.9986 | 10.7123 | 2.3868 9.8975
10 4.603 4 4.978 8 3.8732 1.517 4 3.743 2
20 11.2806 | 9.9636 7.2775 2.962 3 7.8710

RNAMC 30 19.828 7 | 14.0430 | 13.8207 | 3.6490 12.8354 111729
40 32.2350 | 21.8782 | 21.6965 | 5.1581 20.2419
10 5.0322 5.266 2 41237 1.608 8 4.007 7
20 13.0193 | 10.1295 | 8.0098 3.0212 8.5450

ORNAMC 30 239189 | 14.1048 | 141062 | 3.7256 13.963 9 12.0320
40 36.8216 | 22.2085 | 22.2134 5.202 1 21.611 4

Table 5 Compression improvement ratio comparison of RNAMC and ORNAMC over STC
<5 RNAMC Fil ORNAMC X} T STC He4ii Lb % w2 iy L 4%

Algorithms ¢ | Lena (%) | F16 (%) | Barbara (%) | Baboon (%) | Single_Avg (%) | Average (%)
10 47.93 67.29 36.52 37.31 47.26
20 72.43 103.43 54.57 100.68 82.78

RNAMC (STC) 30 93.13 96.64 88.78 94.82 93.34 8291
40 95.54 118.81 102.54 116.11 108.25
10 61.71 76.94 45.35 45.58 57.40
20 99.00 106.82 70.13 104.67 95.16

ORNAMC (STC) 30 132.97 97.50 92.68 98.91 105.52 93.94
40 123.26 122.12 107.36 117.95 117.67
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SCHR[L1,13] 1) S 6 &5 R W AE M 1R 451 R ,SDCT R FLVEM RNAMC R Hk e R 45 Lb 3R m R 7 1hi tb
STC R R EVLSy W) 452 5 T 63.08%7H1 82.91%; A I, SCHR[13] 1 52 46 &5 A 3 WY /2 AH [F) 4% 11, RNAMC 7R
AN AL 48 L m R 7 T LG STC R 8L T 3948 1 T 82.91%, 1 HAE [RIZEE M5 H 7 i Lk STC Ron Bk
I8/ T 18.54%.

A ¥ ORNAMC 7R S AE AR [F) 4 1 R 76 IR 45 LU 4R v R 5 T B STC 7R Sy I 5 T 93.94%, 75
B H Jr T b STC FRR S P10 T 32.18%. B4R A (R G B M T 3R K, ORNAMC RnH k66
i Lk RNAMC,SDCT 1 STC 3K 7R 5L B A 2% 32 v 5 3K 7 B 11 s 4 b DA B BRAR MR 3R 7 I 11 TR S B s 4

2k LR, 5 RNAMC,SDCT HI STC /R H VAR bk, 7E AR F¢ G T = T $2 F,ORNAMC RoREE R A
o B LIS 457 b R 5 D B b B, W A 28 el 2 1 0 A7k 2 T v P A 4 A e Ak B DR T 2 K B PRI A ) —
T B B (1) R 7 Vs

4 & i

BIG R RRTH ENLE E % T ENIALSE . HLas A P45 Ak 3RS o TR 031 6 40 sk L ) o 8 1) 2 — A B T
T % T S T X I G ) AR B A AT B RNAM FIYT R Gouraud BRI 45 T AT & R 2R
PIB AT R0 4 ANEN R T — R T 0] 5 RNAM [R5 B R R R 500, R 0 ORNAMC £ 7R 5092, [AlI,
R T PR AR FE HV R BT AR 2R 0 3% A AR AT G 5 11 AL bR K a4 572 ORNAMC K7 BV iR v
T HPEEUR I A & RNAM R AR FE R (A AT AR5 1 1) 1, HLiZSTVE I R A4 FE 5 RNAMC [ 5 4% B — 4%
F17, B0 24 72 0 34 43 1) I ) 42 2% B 23 390 A O(nllogn) AT O(n), e rb o Ay J 55 TR 4% 1 45 25 50, LA TR 45 A 8 A3 B A6 1)
Bt ¢ E BEAGAE oy i 2R IR0 52, S 56 45 SR 3R 00 5 Bl 42 1 1) RNAMC FIGRAT ) STC,SDCT 25K FE B g K ow
J5 VAR L A AR R B 5 A AT N ,ORNAMC 37 J7 72 B A T v 49 s 44 LU 0 S /D (0 B 8, DR i it K R PR 35
7 ) — R R A I g v
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